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CLAIMS 



What is claimed is: 

i\. A method for correcting for systematic 
errors \n the writing of timing patterns on a storage 



measuring a time interval between a trigger 
pattern written at a first radial position of 
said storaoe medium and a rotational index, said 
rotational Yndex being related to the rotational 
orientation of the storage medium with respect 
to a fixed f rame ^of said storage device; and 



shifting locatrefr^of another trigger 
pattern to be written, said shifting using said 
measured time interval in determining the shift 
in location for said smother trigger pattern. 

2. The method of claims 1, further comprising 
computing an index correction Value from a deviation 
between the measured time interval and another time 
interval, wherein said using uses\said index 
correction value to shift said location of said 
trigger pattern. \ 

3. The method of claim 2, wherein said 
computing comprises subtracting said anociier time 
interval from the measured. time interval co obtain 
said index correction value. \ 



medium of\a storage device, said method comprising: 




# 



YOR919940252US11 



-60- 

4. The method of claim 1, further comprising 
determining whether said measured time interval is 
valid . 

5. \The method of claim 4, wherein said 
determining^ comprises comparing said measured time 
interval to k first value to determine whether said 
measured time Ynterval is valid, said first value 
comprising a function of a target index time and an 
allowed error from thex.target . 




6. The method^of claim 5, wherein said 
function comprises a Vummation of said target index 
time and said allowed error, and wherein said 
measured time interval i^s redetermined when said 
measured time interval is\greater than said first 
value . 

7. The method of claimNS, further comprising 
comparing said measured time interval to a second 
value when said first value is less than or equal to 
said measured time interval, said^second value - 
comprising a difference between saik target index 
time and said allowed error from theVarget, wherein 
said measured time interval is invalid\when said 
measured time interval is less than saick second 
value . 
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1 8^. The method of claim 7, further comprising: 

2 \ determining whether a trigger pattern valid 

3 flag Ys valid, when said measured time interval 

4 is greater than or equal to said second value; 

5 and ' \ 

6 updatiVg an index estimate to be used in 

7 correcting on^ or more interval measurements, 

8 when said trigger pattern valid flag is valid 

9 and when said measured time interval is greater 

1 9 . The method of claim i!^ wherein said 

2 shifting comprises using said updated index estimate, 

3 which is a function of said Veasured time interval, 

4 in determining said shift. \ 

1 10. The method of claim 4 A further comprising 

2 updating an index estimate to be used in correcting 

3 one or more interval measurements, Vhen said measured 

4 time interval is valid. \ 

1 11. The method of claim 1, furthers comprising 

2 determining whether said trigger pattern Vs within an 

3 expected trigger pattern region. \ 
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1 - 1 \ The method of claim 11, wherein said 

2 determining comprises: 

3 measuring an interval at said trigger 

4 patterns: 

5 correcting said measured interval for any 

6 previous invalid trigger patterns; and 

7 determining whether said corrected measured. 

8 interval is valid, wherein a valid corrected 

9 measured interval indicates said trigger pattern 
10 is within said expfect^d^ trigger pattern region. 

1 13 . The method of cleim r2^wherein said 

2 determining whether said coVrected measured interval 

3 is valid comprises: \ 

4 subtracting a target Ynterval value for 

5 said trigger pattern from skid measured interval 

6 to obtain a. resulting value; Vnd 

7 comparing an absolute valuk of said 

8 resulting value to a valid interval window to 

9 determine whether said corrected measured 

10 interval is valid, wherein said corrected 

11 measured interval is valid when said ^absolute 

12 value of said resulting value is less tihan or 

13 equal to said valid interval window. \ 



1 
2 
3 



14. The method of claim 13, further comprising 
modifying said valid interval window when said \ 
corrected measured interval is invalid. \ 
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\ 

15. The method of claim 1, further comprising 
using k detector to detect whether said trigger 
pattern Ys at an expected location on said storage 
medium at\a giy-en time. 

16. The. method of claim 15, rurther comprising 
generating sard trigger pattern, as a false trigger 
pattern, when said trigger pattern is not detected at 
said given time . \ 
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1 x l\- A met hod for correcting for systematic 

2 errors fn the writing of timing patterns on a storage 

3 medium of\a storage device, said method comprising: 

4 determining a systematic delay for use in 

5 writing at least one trigger pattern at one 

6 radial posYtioruof said storage medium; and 

7 updating^ said systematic delay for use in 

8 writing at leasst one trigger pattern at another 

9 radial position >of said storage medium, wherein 

10 said updated systematic delay is different from 

11 said systematic delay for use in writing at said 

12 one radial position \ 
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1 2^3. The method of claim 17, wherein said 

2 updating comprises: 

3 \correcting one or more measured intervals 

4 of trigger patterns written at said one radial 

5 positioh; 

6 compiling a half /full measurement for said 

7 one or moreV corrected measured intervals; 

8 updatingXa half/full error using said 

9 computed half /full measurement; 

• \R1 

10 computing a delay^ecTrrection using said 

11 half/full error; arid 

12 using said delay\correction in updating 

13 said systematic delay. \ ■"=■-■ 

1 19. The method of claim 18, wherein said 

2 updating comprises adding said delay correction to 

3 said systematic delay to obtain skid updated 

4 systematic delay. \ 

1 20. The method of claim 17, wherein said 

2 updating comprises using an index correction value 

3 indicative of the location of said at l\ast one 

4 trigger pattern at said one radial position relative 

5 to a rotational index of the storage medium. 
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A method for correcting for systematic 
errors enuring self -servowriting of a storage device, 
said method comprising: 



a)\ measuring a systematic error at a 
plurality of predetermined radial positions, 
wherein aXmeasured systematic error for each of 
said plurality of predetermined radial positions 
having a meaX whose absolute value is greater 
than zero is Ofetemined; and 




b) correcting fo^each of the measured 
systematic errors Yn order to reduce said 
measured systematicNerrors . 



22. The method of claim 21, wherein random 
errors in the placement of s^rvo patterns are also 
corrected . 



YOR919940252US11 



•67- 



1 
2 
3 
4 



23. A method for self -servo writing a storage 
mediuk in a storage device including a head 
positioned for interaction with the storage medium, 
comprising: 



5 
6 



waiting a first set of trigger patterns on 
a first Yrack of said storage medium; 



determining a read to write time delay; 



9 
10 



determining an-vindex correction value; 




determining ^t least one random error 
correction value; 



11 
12 
13 
14 



computing a set \f delay values which are a 
function of said read co write time delay, said 
index correction value afid said at least one 
random error correction vadue; and 



15 
16 
17 
18 



triggering from said firvst. set of trigger 
patterns and writing a second jset of trigger 
patterns on a subsequent track Losing said set of 
delay values. 
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2\ . The method of claim 23 , wherein said 
determining said read to write time delay comprises 



3 
4 



riting a first trigger pattern at a first 
positioia on said storage medium; 
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triggering on said first trigger pattern 
and writingNa second trigger pattern at a 
nominal time 




measuring a\ time interval between said 
first and said second trigger patterns; and 

computing a difference between said time 
interval and the nomirkl time T to determine 
said read to write time\delay. 
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A method for correcting for systematic 
errors %n the writing of timing patterns on a storage 
medium by\a head of a recording device, said method 
comprising T 

detecting one or more circumferential 
systematic ^rrors; and 

correcting for said one or more 
circumferential ^systematic errors . 

26. The method of Vlaim 25, wherein said 
detecting comprises computing an integral correction 
value for a time interval , Vherein a non-zero 
integral indicates a circumferential error.. 

2^7. The method of claim 26, wherein said 
computiVj comprises adding a ran'dbnt error correction 
for saidviiroe interval to said integral correction 
value to obtain said integral correction value . 



28. This method of claim 27, wherein said 
correcting coftrorises calculating a target interval 
for said time interval, said calculating using said 
integral correction value . 
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1 \9 . An apparatus for correcting for systematic 

2 errors \in the writing of timing patterns on a storage 

3 medium of a storage device, said apparatus 

4 comprising 
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a -Measuring unit adapted to measure a time 
interval ^etween a trigger pattern written at a 
first radikl position of said storage medium and 
a rotational index, said rotational index being 
related to tire rotational orientation of the 
storage medium\with respect to a fixed frame of 
said storage devdce; A and 




a controlling \un£t^-adapted to shift 
location of another ^trigger pattern to be 
written, said controlling unit using said 
measured time interval\in determining the shift 
in location for said another*- trigger pattern. 



1 30. The apparatus of claim 29, further 

2 comprising a computing unit adapced to compute an 

3 index correction value from a deviation between the 

4 measured time interval and another fc,ime interval , and 

5 wherein said controlling unit uses saNLd index 

6 correction value to shift said location of said 

7 trigger pattern. 



1 31. The apparatus of claim 30, wherein said 

2 computing unit is further adapted to subtract said 

3 another time interval from the measured time interval 

4 to obtain said index correction value. 
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1 \2. The apparatus of claim 29, wherein. said 

2 controlling unit is further adapted to determine 

3 whether Nsaid measured time interval is valid. 

1 33. "Kie apparatus of claim 32, wherein said 

2 controlling; Vnit is further adapted to compare said 

3 measured time\interval to a first value to determine 

4 whether said measured time interval is valid, said 

5 first value comprising a function of a target index 

6 time and an allowfed error from the target. 

\Q 

1 34. The appar^iWV^claim 33, wherein said 

2 function comprises a ^summation of said target index 

3 time and said allowed atrror, and wherein said 

4 measured time interval as redetermined when said 

5 measured time interval is\greater than said first 

6 value - \ 

1 35. The apparatus of claim 34, wherein said 

2 controlling unit is further adapted to compare said 

3 measured time interval to a seccand value when said 

4 first value is less than or equakto said measured 

5 time interval, said second value comprising a 

6 difference between said target indek time and said 

7 allowed error from the target, wherein said measured 

8 time interval is invalid when said measured time 

9 interval is less than said second values. . 



YOR919940252US11 

-72- 

1 \6. The apparatus of claim 35, wherein said 

2 controlling unit is further adapted to: 

3 \determine whether a trigger pattern valid 

4 flag J^s valid, when said measured time interval 
.5 is grefa\er than or equal to said second value; 

6 and \ 

7 update\an index estimate to be used in 

8 correcting orris or more interval measurements, 

9 when said trigger pattern valid flag is valid 

10 ai *d when said measured time interval is greater 

11 than or equal to siaid second value. 

1 37. The apparatus ofc G^aim 35, wherein said 

2 controlling unit is furthek adapted to use said 

3 updated index estimate, which is a function of said 

4 measured time interval, in determining said shift. 

1 38. The apparatus of claim\3 2, wherein said 

2 controlling unit, is further adapted to update an 

3 index estimate to be used in correcting one or more 

4 interval measurements, when said measured time 

5 interval is valid. \ 

1 39. The apparatus of claim 29, whetfein said 

2 controlling unit is further adapted to determine 

3 whether said trigger pattern is within an ejected 

4 trigger pattern region. • \ 
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1 ( \40. The apparatus of claim 39, wherein said 

2 controlling unit is further adapted to: 

3 \ measure an interval at said trigger 

4 pattern; 

5 correct said, measured interval for any 

6 previous Ninvalid trigger patterns; and 

7 determine whether said corrected measured 

8 interval is valid, wherein a valid corrected 

9 measured interVal indicates said trigger pattern 
10., is within said eocpected trigger pattern region. 

, ., - __5L- ... 

2 controlling unit is further adapted to: 

" 3 subtract a target\inte.rval value for said 

4 trigger pattern from sard measured interval to 

5 obtain a resulting value ;\and 

6 compare an absolute varue of said resulting 

7 value to a valid interval window to determine 

8 whether said corrected measured interval is 

9 valid, wherein said corrected measured interval 

10 is valid when said absolute value\of said 

11 resulting value is less than or equal to said 

12 valid interval window. \ 

1 42. The apparatus of claim 41, wherein, said 

2 controlling unit is further adapted to modifyv said 

3 valid interval window when said corrected measured 

4 interval is invalid. \ 
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1 \£3 . The apparatus of claim 29, further 

2 comprising a detector adapted to detect whether said 

3 trigger pattern is at an expected location on said 

4 storage mfedium at a given time . 

1 44. THte app^atus of claim 43, further 

2 comprising a pattern generator adapted to generate 

3 said trigger pattern, as a false trigger pattern, 

4 when said trigged: pattern is not detected at said 

5 given time. \ 
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45. \Ah apparatus for correcting for systematic 
errors in the writing of timing patterns on a storage 
medium of a ^s tor age device, said apparatus 
comprising: 
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a processing unit adapted to determine a 
systematic delay for use in writing at least one 
trigger pattern at one radial position of said 
storage medium ;\ and/ 




said processing ulrirfc-being further adapted 
to update said systematic delay for use in 
writing at least one\trigger pattern at another 
radial position of sard storage medium, wherein 
said updated systematic\delay is different from 
said systematic delay io\ use in writing at said 
one radial position. 
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1 46^. The apparatus of claim 45, wherein said 

2 processing unit is further adapted to: 

3 correct one or more measured intervals of 

4 triggeA patterns written at said one radial 

5 positiorA 

6 compucte a half /full measurement for said 

7 one or more corrected measured intervals; 

8 update a hklf/full error using said 

9 computed half/fuM measurement; 

10 compute a delay, correction using said 

11 half /full error; and\ / ) 

12 use said delay correction in updating said 

13 systematic delay. \ 

1 47. The apparatus of claim\46, wherein said 

2 processing unit is further adapteck to add said delay 

3 correction to said systematic delay\to obtain said 

4 updated systematic delay. \ 

1 48. The apparatus of claim 45, wherein said 

2 processing unit is further adapted to use, an index 

3 correction value indicative of the location of said 

4 at least one trigger pattern at said one raoial 

5 position relative to a rotational index of the 

S storage medium in updating said systematic deray. 
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^ An apparatus for correcting for systematic 
errors during self -servowriting of a storage device, 
said apparatus comprising: 



4 
5 
6 
7 
8 
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10 



a Measuring unit adapted to measure a 
systematic error at a plurality of predetermined 
radial positions, wherein a measured systematic 
error for each of said plurality of 
predetermined^ radial positions having a mean 
whose absoluteWalue is greater than zero is 
determined; and 



11 
12 
13 



a controlling Vinib^adapted to correct each 
of the measured systematic errors in order to 
reduce said measured systematic errors. 



1 
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50. The apparatus of cfkim-49, wherein said 
controlling unit is further adapte«±-to correct for 
random errors in the placement <y£ servo patterns. 
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1 \51 . An apparatus for self -servowriting a 

2 storagk medium in a storage device including a head 
3. positioned for interaction with the storage medium, 

4 comprising: 

5 a-^first set of trigger patterns written on 
S a first Wack of said storage medium; 

7 a controlling unit adapted to determine a 

8 read to write, time delay, an index correction 

9 value, and at \Least one random error correction 

10 value; \ l\ 

11 a computing ukit adapted to compute a set 

12 of delay values which are a function of said 

13 read to write time delay, said index correction 

14 value and said at lease, one "random error 

15 correction value; \ 

16 a pattern detector ad^>ted to trigger from 

17 said first set of trigger patterns to write a 

18 second set of trigger pattern^; and 



19 
20 
21 



a pattern generator adapted\ to write said 
second set of trigger patterns on\a subsequent 
track using said set of delay values. 
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The apparatus of claim 51, wherein said 
controlling unit adapted to determine said read to 
write trme delay comprises: 



4 
5 
6 



pattern generator adapted to write a 
first tVigger pattern at a first position on 
said storage medium; 
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a pattern detector adapted to trigger on. 
said first trigger pattern, wherein said pattern 
generator writers a second trigger pattern at a 
nominal time T; 




a measuring uAit adapted to measure a time 
interval between sai)d first and said second 
trigger patterns; and 
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a computing unit adapted to compute a 
difference between said trme interval and the 
nominal time T to determine\said read to write 
time delay. 
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An apparatus\for correcting for systematic 
e^To^^T/Ln the writing ok timing patterns on a storage 
medium by a head of a storage device, said apparatus 
comprising : 



a -controlling unia adapted to detect one or 
more circumferential systematic errors; and 

said controlling uni\ being further adapted 
to correct for said one or\more circumferential 
systematic errors . 

54. The apparatus of claim sk, further 
comprising a computing unit adapted to compute an 
integral correction value for a tima interval, 
wherein a non-zero integral indicate^ a 
circumferential error. 

55. The apparatus of claim 54, wrfjerein said 
computing unit is further adapted to ada a random 
error correction for said time interval to said 
integral correction value to obtain said \lntegral 
correction value. 



56. The apparatus of claim 55, wherein said 
controlling unit is further adapted to calculate a 
target interval for said time interval , using said 
integral correction value to correct for said\one or 
more circumferential errors. 
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1 57. A storage device comprising: 

2 a storage medium; and 

3 a head radically positioned by an actuator, 

4 said head adapted \to write a self-servo timing 

5 pattern on said storage medium, wherein 

6 systematic errors aVe eliminated and rotation of 
* 7 said servo-pattern matches a trajectory traced 

8 out by the head in ins radial motion across the 

9 storage medium. \ 

1 58. The storage deviie of claim 57, wherein 

2 said head is adapted to write said servo-pattern such 

3 that random errors in a track to track alignment of 

4 the servo-patterns are statistically constant in 

5 their root mean square valuel across at least a 

6 desired portion of a surface! of .the .storage medium. 

1 59. The storage device fcf claim 57, wherein 

2 said head is adapted to write \said servo-pattern such 

3 that random errors in a track to track alignment of 

4 the servo patterns are corrected in a manner that 

5 leads to a growth of errors thalt is less than the 

6 square root of the track number! typical of a random 

7 walk process. \ 



